An experiment was carried out in 1994 to examine energy and nitrogen utilization of lambs offered two contrasting grass-based diets. The two forages, which were from the same parent herbage, were grass silage and grass which was conserved by freezing. They were offered as sole diets or supplemented with either 250 or 500 g concentrates per kg total dry matter intake (DMI) to give a total of six experimental treatments. Seventy-two Dutch TexeliGreyface (Border LeicesteriBlackface) lambs, consisting of 36 males which were initially 36 (.. 4n9) kg liveweight and 36 females which were initially 34 (.. 2n5) kg liveweight were used. Ensiling significantly increased apparent digestibility of dry matter, energy and nitrogen (P 0n001), but had no significant effect on methane energy loss as a proportion of gross energy intake, metabolizable energy intake (MEI), heat production, energy retained, efficiency of utilization of energy for growth (k g ) or nitrogen retention. Supplementation of forage with concentrates resulted in a curvilinear decrease in heat production expressed as a proportion of MEI (P 0n05) and a linear increase in energy retention, expressed as an absolute value or as a proportion of MEI (P 0n05). Supplementation of forage tended to increase k g when calculated using Agricultural Research Council estimates of maintenance energy requirements, but had no significant effect when alternative estimates of maintenance were used. It is concluded that ensiling had no effect on efficiency of utilization of energy or nitrogen as measured by indirect calorimetry.
INTRODUCTION
Lower carcass growth and energy retention from diets of grass silage alone than for similar levels of energy intake from mixed diets of grass silage and concentrates have been reported. For example, Thomas et al. (1988) reported that cattle offered a mixed diet of latecut grass silage plus 56 % concentrates produced c. 23 % more carcass and 42 % more protein gain per MJ metabolizable energy (ME) consumed than diets containing early-cut silage only. However, in a concurrent study, Beever et al. (1988) reported no significant differences between these diets in terms of efficiency of utilization of energy for growth (k g ) as measured by indirect calorimetry. Several authors have previously reported higher estimates of k g as measured by calorimetry than by comparative slaugh-ter (Geay 1984 ; Beever et al. 1988 ; Unsworth et al. 1991) . The aim of the present experiment, which ran concurrently with a comparative slaughter trial (Kirkpatrick & Steen 1999) , was to examine if the low output noted in previous studies from silage only diets relative to mixed diets of silage and concentrate applied to fermented forage only or to grass as well, as measured by indirect calorimetry. The overall objectives were to provide information which may explain responses noted in the comparative slaughter trial (Kirkpatrick & Steen 1999 ) and also to compare comparative slaughter and calorimetry techniques in the assessment of energy retention.
MATERIALS AND METHODS

Treatments and design
Seventy-two Dutch Texel i Greyface (Border Leicester i Blackface) lambs were used (i.e. the same lambs as in the comparative slaughter trial (Kirkpatrick & Steen 1999) ). They consisted of 36 males which were initially 36 (.. 4.9) kg liveweight and 36 females which were initially 34 (.. 2.5) kg liveweight and were allocated to treatment as described by Kirkpatrick & Steen (1999) . The six treatments were (1) unsupplemented grass silage ; (2) grass silage supplemented with concentrates, concentrates constituting 250 g\kg total dry matter intake (DMI) ; (3) grass silage supplemented with concentrates, concentrates constituting 500 g\kg total DMI ; (4) unsupplemented grass from the same sward as the silage, which was preserved by freezing in order to feed both forages simultaneously ; (5) pre-frozen grass supplemented with concentrates, concentrates constituting 250 g\kg total DMI ; (6) pre-frozen grass supplemented with concentrates, concentrates constituting 500 g\kg total DMI. The six experimental diets were arranged in a 3i2 factorial design. The aim was to feed diets (1) and (4) ; (2) and (5) and (3) and (6) at an equal MEI.
Animal management and feeds
The experiment consisted of four measurement periods. The first measurement of the ration digestibility was made after animals had been offered the experimental diets for approximately 4 weeks and the remaining three measurement periods were approximately 23 days apart, with the final measurement period taking place just before slaughter. Animals were temporarily removed from individual slatted pens to digestibility crates to facilitate the separate collection of faeces and urine for a total of 6 days. The procedure used for the collection of faeces and urine was similar to that outlined by Steen (1984) using cattle. However, the following points should also be noted. A glass fibre tray was fitted beneath the perforated metal floor, which was designed to allow the collection of urine into a tray beneath and faeces were channelled down a slope and collected in a plastic bag secured to the tray to minimize any faecal losses. Before urine collection, 20 ml of 50 % sulphuric acid was placed in each urine tray. After a 3-day collection, lambs were transferred to 12 crates in two respiration chambers (i.e. six lambs in six individual crates in each chamber). The respiration chambers were as described by Gordon et al. (1995) . Gross energy intake (GEI), faecal, urinary and methane energy losses and heat production were measured for 3 days in the chambers. A 48-h period within these 72 h was used to estimate heat production, in order to allow the lambs time to adjust to the environment. Faecal and urinary outputs over the 6-day recording period were used in the calculation of apparent digestibility and these digestibility coefficients were applied to the GEI for the 3-day period in the chambers to give the digestible energy intake. Energy retained was calculated by difference and k g values were calculated using Agricultural Research Council (ARC 1980) estimates of maintenance requirements. In each period, six lambs from each treatment were used. Since there were six treatments and two respiration chambers, measurements were carried out in three batches in each period. Every lamb was used twice throughout the experiment. Thus, since only one estimate of methane energy and one of heat production were obtained for each six lambs, there were four replicates per treatment. However, estimates of digestibility and nitrogen utilization were obtained on an individual animal basis.
The grass and grass silage offered to the animals during each measurement period were from the same original herbage. Grass was removed from the freezer 24 h prior to feeding and the herbage mass was broken up to ensure even thawing throughout. The silage bags in the boxes were slit open and any excess effluent was allowed to run out, in order to ensure as constant a DM content as possible. Excess silage left over from the daily feed was subsequently bagged into 25 kg bags, the air evacuated and the bags tied with wire ties and stored in a refrigerator at 5 mC and used for the next 2 days. The forages offered in the present experiment were harvested on 29 June, 8 July, 17 August and 16 September 1994, in order to be as representative as possible of the forage used throughout the entire comparative slaughter experiment.
Measurements
The procedure used for the determination of dry matter intake was as described by Kirkpatrick & Steen (1999) . However, during the recording periods the amounts of concentrates required were adjusted daily rather than weekly. All diets were offered ad libitum in periods one and two. However, after an initial period in which the intakes of grass and silage were similar, intakes of animals offered the grassbased diets increased relative to those offered silagebased diets and consequently were restricted in the latter two periods. Fresh samples of the forages offered were collected daily during the 6-day intake recording period and also for the two remaining days spent in the calorimetry chambers and were analysed for pH and the concentrations of toluene DM, nitrogen (N), ammonia-N, GE, ethanol, propanol and acetic, propionic, butyric and lactic acids. Samples of forage were dried at 85 mC, bulked separately for the total 6-day intake of the digestibility study and also for the total 3 days spent in the chambers and analysed for concentrations of ash, modified aciddetergent fibre (MADF), neutral detergent fibre (NDF) and true protein. Forage samples were also dried at 60 mC and analysed for water-soluble carbohydrate (WSC) concentrations. Daily samples of the pelleted concentrates offered were retained and similarly bulked for the determination of DM concentration. The dried samples were then used for the determination of N, GE, ash, MADF and NDF concentrations. Daily samples of faeces and urine were bulked separately for each lamb for the total 6-day collection. Concentrations of DM and N were determined on fresh faeces, while dried faeces samples were used for the determination of ash, GE, MADF and NDF concentrations. Similarly, a bulked urine sample from the 6-day recording period was analysed for GE and N concentrations. The methods of chemical analyses were those described by Kirkpatrick et al. (1997) .
All lambs were weighed prior to being transferred to the respiration chambers and again after the 3 days in the chambers.
Statistical analysis
The results were analysed by analysis of variance as a completely randomized 3i2 factorial design, with the linear and quadratic effects of the amount of concentrates being analysed using orthogonal polynomials. For statistical analysis of intakes, apparent digestibility coefficients and urinary energy losses each lamb was treated as an individual, while for methane and heat energy losses and values calculated using these parameters such as k g , the mean values from each group of six animals were used in the analyses.
RESULTS
Grass and silage harvested from first regrowths in June and July were offered in periods one and two respectively, while the forages harvested from second regrowths in August and September were offered in periods three and four respectively. Ensiling of fresh herbage led to a reduction in forage pH and WSC concentrations and an increase in lactic and acetic acids and ethanol and propanol concentrations when compared to the grass which was conserved by freezing (Table 1) . Lower WSC and higher protein contents were found in grass harvested in June and July compared to grass harvested in August and September.
Even though intakes of grass-based diets were restricted in periods three and four, overall lambs offered grass-based diets had a significantly higher DMI than those offered silage-based diets (P 0.05) ( Table 2 ). However, there were no significant differences in MEI between corresponding silage-and grass-based diets. Supplementation of forage with concentrates in the diet resulted in a significant curvilinear increase in total DMI (P 0n001).
Conservation of grass as silage resulted in significantly higher digestibility of dry matter (P 0n001), energy (P 0n001), MADF (P 0n001), NDF (P 0n01) and organic matter (P 0n001) than conserving by freezing (Table 3) . Supplementation of forage with concentrates resulted in a significant quadratic response in dry matter, organic matter (P 0n05) and energy digestibility (P 0n01), whereby animals offered the 75 % forage diet had a significantly higher digestibility coefficient than animals offered the other two diets. Apparent MADF and NDF digestibility values were both significantly reduced by supplementing the forages with concentrates (linear response P 0n001 ; quadratic response P 0n01).
Significantly higher urinary energy losses, expressed as a proportion of GEI (P 0n01), and lower ME\DE values (P 0n05) were noted in animals offered silagebased diets than in those offered grass-based diets (Table 4) . Forage type had no significant effect on methane energy loss as a proportion of GEI, MEI, heat production, energy retained or k g values. There was no significant difference between estimates of k g values in the present study and those estimated in the concurrent comparative slaughter trial. However, there was a trend of an interaction between forage type and the technique used, on k g values (P l 0n06). Similar k g values were noted for the two techniques for the grass-based diets, but k g values for silagebased diets were lower as estimated using the comparative slaughter technique. Supplementing forage with concentrates resulted in a significant decrease in urinary energy losses as a proportion of GEI (linear response P 0n01, quadratic response P 0n05), heat production as a proportion of MEI (linear and quadratic responses P 0n05) and a significant curvilinear decrease in methane energy losses expressed as a proportion of MEI (P 0n001), whereby the smallest loss was observed in animals offered 50 % forage. Supplementation of forage with concentrates also resulted in a significant linear increase in energy retention, expressed both as an absolute term and as a proportion of MEI (P 0n05). When ARC (1980) estimates of maintenance energy requirements were used, there was a trend towards a higher k g in animals offered diets supplemented with concentrates than in those offered unsupplemented diets, although the difference was not statistically significant. There was no effect of supplementation on k g when Steen et al. (1997) estimates of maintenance energy requirements were used.
Conservation of grass by ensiling resulted in a significantly higher digestibility of nitrogen (P 0n001) than conserving grass by freezing (Table 5) . Urinary nitrogen losses, as expressed as a proportion of nitrogen intake, were significantly higher from silage-based diets than from grass-based diets (P 0n001). However, forage type had no significant effect on urinary nitrogen losses as a proportion of digested nitrogen, or on retained nitrogen. Supplementation of forage with concentrates produced a significant linear decrease in urinary nitrogen losses, as a proportion of 
GEI (MJ\d
* Energy retention as a proportion of ME for production ; k g (1) estimated using ARC (1980) estimates of maintenance energy requirements, k g (2) estimated using Steen et al. (1997) nitrogen intake or digested nitrogen (P 0n001), and a significant increase in retained nitrogen expressed as an absolute term (linear response P 0n001 ; quadratic response P 0n05)), or as a proportion of nitrogen intake (linear response P 0n01) or digested nitrogen (linear response P 0n001).
DISCUSSION
It was necessary to freeze the grass in order that grass and silage from the same sward could be offered simultaneously. MacRae (1970) acknowledged the usefulness of freezing grass in ruminant research, but pondered on the validity of using frozen grass to be representative of the fresh herbage. In the present study, analysis of the grass after the freezing and thawing process revealed that slight fermentation had occurred. Kirkpatrick & Steen (1999) highlighted the inadequacies of the methods used for chemical analysis of grass and concluded from comparative data that although slight fermentation probably occurred during the freezing\thawing process, most actually occurred in the laboratory during the 24 h when grass was soaked to obtain an aqueous solution.
Several workers have noted a reduction in soluble protein N when grass is frozen (MacRae 1970 ; MacRae & Ulyatt 1974 ; MacRae et al. 1975) . However, van Es & van der Honing (1976) reported no differences between fresh and frozen grass in terms of intake, digestibility or energy utilization when forages were offered to lactating dairy cows.
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Although silage-based diets had significantly higher DM, organic matter, MADF, NDF and energy digestibility than grass-based diets in the present study, many studies have been reported to show that ensiling had no effect on DM or organic matter digestibility (Demarquilly & Jarrige 1970 ; McDonald & Edwards 1976 ; Cushnahan & Gordon 1995 ; Keady & Murphy 1995) . However, recently other workers have noted an increase in digestibility due to ensiling (Cushnahan et al. 1995 a ; Keady et al. 1995) .
The highest urinary energy losses were noted in animals offered the silage-only diet and this has been noted extensively elsewhere (Kelly & Thomas 1978) , and has been attributed to the increased N excretion arising from inefficient utilization of silage-N ( Thomas & Gill 1988) . Method of conservation had no effect on the proportion of GEI which was lost as methane. This is in line with the findings of McDonald & Edwards (1976) who, from a review of the literature, concluded that ensiling had no significant effect on methane energy losses.
The lack of effect of forage type on heat production, energy retention or k g is in agreement with Joyce & Brunswick (1975) who reported similar k g values of 0n52 in animals offered lucerne conserved by freezing, ensiling or drying. Cushnahan et al. (1995 b) reported no significant effect of ensiling on the efficiency of utilization of energy for lactation in dairy cows. However, most studies reported in the literature have compared silage and dried grass. Steen & Moore (1988) , in a growth study, reported similar efficiency values for silage-based and dried forage-based diets when the forages were supplemented with concentrates. Waldo (1977) concluded from a review of calorimetric studies in the literature that silage and hay were utilized with similar efficiency provided that the silage was well-preserved. Lambs offered grass had a much lower ratio of lipid : protein in the gain than those offered silage (Kirkpatrick & Steen 1999) and at equal levels of performance, beef cattle offered fresh grass have produced carcasses with a lower fat content than animals offered high-concentrate diets (Lavery & Steen 1998) . Thus low outputs from silage diets previously noted (Thomas et al. 1988) have not occurred with grass and would seem to be specific to fermented forage.
Supplementation of forage with concentrates reduced urinary energy losses as a proportion of GEI by 26 % and this is in line with other results (Kelly & Thomas 1978) . Approximately 50 % lower methane energy loss as a proportion of GEI was noted when diets containing 50 % forage were offered rather than 100 or 75 % forage. Overall the k g values estimated using calorimetry were lower than would be expected from equations given by ARC (1980) . Estimates of k g values, calculated using equations from ARC (1980) would have been 0n51, 0n52 and 0n54 for diets containing 100, 75 and 50 % forage respectively. Thomas et al. (1988) reported a lower k g for an unsupplemented silage of 0n33, compared to 0n46 for a silage diet supplemented with 56 % concentrate. However, in the present study the effect of concentrate supplementation on k g is dependent on how energy required for maintenance (ME m ) is estimated. The calorimetric values were not derived solely by classical calorimetry, which requires at least two levels of energy intake, but were dependent on external estimates of maintenance energy requirement. An interaction was noted between the effect of supplementation on k g and the method used to estimate energy required for maintenance. Supplementation of forage with concentrates tended to increase k g when ARC (1980) estimates of ME m were used, although it was only significant when estimated using the comparative slaughter technique, but had no significant effect on k g when the estimates of Steen et al. (1997) for ME m were used. As previously discussed by Kirkpatrick et al. (1997) , it is likely that ARC (1980) underestimate maintenance energy requirements. The ARC (1980) maintenance energy requirements were estimated using fasted animals. However, Reynolds et al. (1991) highlighted the intense metabolic activity of the gut and liver relative to other body tissues and thus it would seem likely that full-fed animals would have had proportionately greater metabolism of gut and liver tissues and thus a higher maintenance requirement than fasted animals. Steen et al. (1998 a) , in a review of nine experiments estimated that k g for all silage was only 8 % lower than that for all concentrates. This is in agreement with the results of Steen et al. (1998 b) who reported that the response in energy retention when additional ME was added to a mixed grass silage\concentrate diet in the form of silage was 9 % lower than the response to additional ME from concentrates. Kirkpatrick et al. (1997) reported similar k g values for diets containing a high proportion of silage and offered ad libitum and diets containing a high proportion of concentrates and with intake restricted to a similar MEI. They suggested that this may have been due to the high digestibility of the silage used, which resulted in only a small difference in metabolizability between the two diets and concluded that k g was more closely related to metabolizability than to forage : concentrate ratio. Explanations for differences in utilization of highsilage and high-concentrate diets have evoked much debate over the years. Ørskov & MacLeod (1990) suggested that differences in time spent eating and ruminating could explain differences in energy retention between cattle offered high-forage or high-concentrate diets. Increased blood flow to the portal-drained viscera (PDV) in animals offered unsupplemented forage diets could have contributed to these differences (Reynolds et al. 1991) . Reynolds et al. (1991) suggested that dietary induced differences in k g may be primarily due to differences in PDV uptake of oxygen. The reason why atypically low energy retention as a proportion of MEI has been recorded in some studies (Thomas et al. 1988) for cattle offered unsupplemented silage diets, despite relatively high metabolizability values, is unclear.
Comparison of comparative slaughter and calorimetry
Several authors have compared estimates of energy retention as measured by comparative slaughter and calorimetry (Geay 1984 ; Beever et al. 1988 ; Unsworth et al. 1991) and have highlighted higher energy retention when estimated by calorimetry than by the comparative slaughter technique. Calorimetry provides a spot estimate from short-term indirect measurements compared to the more long-term direct measurements involved in the comparative slaughter technique. In order to minimize this potential error, energy retention in lambs in the present experiment was estimated four times throughout the duration of the comparative slaughter study (Kirkpatrick & Steen 1999) . However, it is important to recognize that liveweight, body composition and therefore also the rate of energy retention will not be constant throughout the lifetime of an animal. Geay (1984) suggested that one of the main reasons for the discrepancies between the two techniques may be due to differences in taking short-term relatively constant measurements using calorimetry in an animal which would not have a constant rate of energy retention over the relatively longer time period of a comparative slaughter study. Thomas et al. (1988) reported lower k g values, as estimated by the comparative slaughter technique, in young cattle offered unsupplemented silage (k g s of 0n33 for an early-cut silage and 0n26 for a late-cut silage) compared to cattle offered late-cut silage supplemented with 46 % concentrates (k g of 0n46). However, corresponding values of k g for these three diets as estimated by calorimetry were 0n43, 0n74 and 0n43 (Beever et al. 1988) . Beever et al. (1988) suggested that some of the factors which may have contributed to these differences were differences in intakes, stress, temperature and activity levels between the two environments ; insufficient time allowed for acclimatization to the calorimetry chamber environment, the suitability of the Brouwer (1965) equation for prediction of heat production for silage-based diets and the accuracy in the method of estimating fat content of the gain in comparative slaughter. However, Beever et al. (1988) conceded that even if these factors were taken into account, a considerable discrepancy between the two methods would still exist. Thomas et al. (1988 ) used ARC (1980 estimates of maintenance energy requirements, while Beever et al. (1988) used regression of MEI against energy retained to estimate maintenance, which resulted in a 14 % higher estimate. Applying the estimates of maintenance energy requirement of Beever et al. (1988) to the data from the comparative slaughter study (Thomas et al. 1988) would increase estimates of k g ; for example k g for the low digestibility silage would increase from 0n26 to 0n34. However, this would account for only a small proportion of the discrepancy between the two techniques. A further possible source of potential error, which these authors did not discuss, is in the estimation of the gross energy content of the silages. Porter (1992) highlighted a number of potential sources of error in this estimation, such as the difficulty in obtaining a representative sample of fresh silage since only a small sample is used (approximately 1n7 g in the present study). Values of k g are extremely sensitive to changes in GE concentration. If GE concentration of silage was underestimated it would result in an underestimation of energy retained and ME available for production in calorimetry data, but only in an underestimation of ME for production in comparative slaughter data since energy retained is estimated directly from chemical composition of the carcass. This would result in an underestimate of k g in calorimetry studies and an overestimate in comparative slaughter studies. For example, when comparing results from the comparative slaughter and calorimetry studies of Thomas et al. (1988) and Beever et al. (1988) using a similar estimate of maintenance energy requirements (Beever et al. 1988 ) for both, a 3 % reduction in the estimation of the gross energy content of the low digestibility silage would have been sufficient to eliminate the remainder of the discrepancy between comparative slaughter (k g l 0n34) and calorimetry (k g l 0n74), resulting in an estimate of 0n47 by both techniques. It would also have resulted in much lower differences in estimated efficiency of ME utilization between the silage and concentrate-based diets.
In the present study, however, overall k g values estimated using calorimetry (k g l 0n36) were not significantly different to that estimated in the concurrent comparative slaughter study (k g l 0n39). These values are closer than many other comparisons of the two techniques reported in the literature (Beever et al. 1988 ; Unsworth et al. 1991) . It is of interest to note the similar estimates of k g for grassbased diets using the two techniques and that any difference between the techniques relates to the silagebased diets. This could be explained by errors in the estimation of the gross energy content of the silage. If the GE concentration of the grass-silage had been underestimated by 3 % in the present calorimetry study the corrected k g values for the mean of the three silage-based diets would have been 0n393. If GE concentration of the silage was similarly corrected in the comparative study, a mean k g value of 0n406 would have been calculated. A much smaller increase in GE energy concentration was noted in these studies (1 % increase in the present study and 1n7 % increase in the comparative slaughter study) than the 10 % increase in GE concentration due to ensiling reported by McDonald & Edwards (1976) .
Method of conservation of grass had no significant effect on the amount of nitrogen retained in the present study, which is in contrast with results from the concurrent comparative slaughter study. Higher protein gains were noted in animals offered the grassbased diets than those offered the silage-based diets (25 and 21 g\day respectively) as measured by comparative slaughter. This is much lower than the estimates of protein retention (Ni6n25) obtained in the present study (36 g\day for animals offered both the grass-and silage-based diets). Others have also reported higher nitrogen retention by the balance method than by comparative slaughter (Sanderson 1992) . Blaxter (1967) highlighted large errors involved in nitrogen balances and MacRae et al. (1993) suggested the two most common problems associated with nitrogen balance were overestimation of food nitrogen intake and incomplete recovery of excreta, hair and skin and digestive tract gases, which collectively lead to overestimation of retention.
It is concluded that forage type had no significant effect on the amount of energy retained or k g , estimated using calorimetry chambers. Similar results for efficiency of utilization of energy were obtained by calorimetry and comparative slaughter techniques. The effects of proportion of concentrates in the diet on estimates of k g are dependent on how ME required for maintenance is calculated.
